head and femur overgrowth of approximately 8 mm. Magnetic resonance imaging showed no evidence of suspected avascular necrosis of the femoral head. The patient has no subjective or objective symptoms, and is able to engage in all usual activities. The detailed mechanism of the injury is unknown. We assume that the lower leg was dislocated through abduction during flexion, or abducent, external flexion, considering that the child was sleeping at the time of the accident. Since she was hurled to the back seat, it was assumed that strong external force was vertically added to the femur, which caused the abducent force.
INTRODUCTION
Traumatic anterior dislocation of the hip joint in child-ren is a rare injury, with only 7 cases reported in detail in the Japanese medical literature. Only 2 cases associated with ipsilateral fracture of the femoral shaft have been reported worldwide. We report a case of traumatic anterior dislocation of the hip associated with ipsilateral fracture of the femoral shaft in a 31-month-old girl, who had been seen for follow-up for approximately 4.5 years.
CASE REPORT
The patient was aged 31 months at presentation. Her major complaint was pain through the right hip to the femur and swelling. Regarding her previous medical history, she was born prematurely. Her birth weight was 1600 g. She had no acetabular dysplasia.
On 13 July 1996, the patient was injured in a car accident while asleep on the front passenger seat in a reclined position. At the time of the accident, she was not secured in an appropriate child restraint. Details of the mechanism of the injury were not available. The child was discovered lying on the back seat, and was immediately transferred to hospital. On arrival, her right hip joint exhibited abduction, external rotation, spring-like fixation. She had marked swelling and pain through the hip to the femur. There was no apparent skin injury. The dorsalis pedis artery was palpable, and there was good movement of the toes. No nerve or vascular injury was apparent. X-ray findings at the time of arrival revealed that the right femoral head was located anteroinferiorly, leading to a diagnosis of dislocation of the obturator foramen. The ipsilateral femoral shaft showed a transverse fracture in the central part with anterior, gibbous deformation ( Fig. 1) The dislocation of the right hip was easily reduced using light traction to the lower leg during radiography ( Fig. 2 ). An audible click was heard on reduction. The fracture of the shaft of the femur was treated with Bryant traction for 4 weeks, followed by 3-week cast immobilisation using a pelvic band. This was replaced with cast dish fixation, and the patient was permitted to bathe. 11 weeks after the injury, this was removed to allow mobilisation. Walking with support and full weightbearing were permitted after 14 weeks and 16 weeks, respectively. At 4.5 years after the injury, a normally developing right femoral head ( Fig. 3 ) and a difference of approximately 8 mm in the length of the femur due to overgrowth ( Fig. 4 ) were observed. Range of motion and gait appeared normal. The patient had no reported complaints, such as pain in the hip or femur, and was able to engage in usual activities. Magnetic resonance imaging (MRI) of the femur was normal. There were no abnormal signals, such as those suggesting avascular necrosis of the femoral head ( Fig. 5 ).
DISCUSSION
Traumatic dislocation of the hip is broadly classified into anterior and posterior dislocations on the basis of a dividing line that connects the anterior superior iliac spine with the ischial tuberosity. Anterior and posterior dislocations are further classified into superior and inferior dislocations based on a line connecting the superior pubic ramus with the greater sciatic notch. The current case was a dislocation of the obturator foramen, which is said to be the most common anterior inferior dislocation. 1 Studies consisting of more than 100 cases have revealed the incidence of traumatic dislocation of the hip in children to range from 0.6% to 11.1% ( Table 1 ). [2] [3] [4] [5] In reports of dislocation of the hip in children, the rate of anterior dislocation was from 7.5% to 17.8%. 6, [10] [11] [12] We reviewed Japanese reports of traumatic dislocation of the hip in children and found 73 cases in which the direction of dislocation was described. The rate of anterior dislocation among these was 17.8%, indicating that there were few cases with anterior dislocation (Table 2) . 6, [10] [11] [12] Since the report by Tokinaga in 1917, 13 there have been only 8 reports in Japan (including the present report) which give a detailed description including the cause of the injury (Table 3) . [13] [14] [15] [16] [17] [18] The causes of injury included motor vehicle accidents and falls, and manual reduction was performed for all cases within 24 hours. No severe sequelae, such as avascular necrosis of the femoral head, were reported and all patients convalesced satisfactorily.
Traumatic hip dislocation associated with ipsilateral femoral shaft fracture is a rare injury, and rarer still in a child. Barquet 7 reviewed accounts in the literature of 35 cases of traumatic hip dislocation with ipsilateral femoral shaft fracture in childhood. There were only 2 cases similar to the present case, with anterior hip dislocation and fracture of the ipsilateral femoral shaft-a case in Japan reported by Sako et al. 15 and a case reported by Malkawi. 1 Details of these cases are reported alongside those of the current case in Table 4 . Barquet 7 reported that 53.3% of cases of traumatic hip dislocation with ipsilateral femoral shaft fracture in childhood were initially missed, with the diagnosis being made between 3 days and 24 months after the injury. Factors contribut-ing to diagnostic failure include absence of characteristic signs of hip dislocation and the low index of suspicion because of the rarity of this injury in children. Fardon 8 along with Slater and Allen 19 have stressed the importance of awareness of this combination of injury and of obtaining adequate radiographs of joints proximal and distal to long bone fractures.
The injury process of traumatic anterior dislocation of the hip is understood to involve abducent, external force on the hip. If this external force is added during flexion of the hip joint, anterior inferior dislocation will occur. Conversely, anterior superior dislocation will occur if the force is added during extension. Although the injury process in the current case is not clear, it is assumed that the lower leg was dislocated through abduction during flexion, or abducent, external flexion, given that the child * All reductions were done manually † NA not available was sleeping at the time of the accident. Since the patient was hurled to the back seat, it is assumed that a strong external force was vertically applied to the femur, causing the abducent force.
The mechanism of ipsilateral fracture of the femoral shaft, especially of complicated transverse fracture is not clear. It has been suggested that for posterior dislocation to occur, 2 different external forces need to be added consecutively-a force parallel to the shaft of the femur that causes posterior dislocation, and a force orthogonal to the shaft of the femur that causes transverse fracture. 20, 21 Cadaveric experiments by Helal and Skevis 22 showed that a single resultant force cannot cause both posterior dislocation of the hip and fracture of the femoral shaft of femur, supporting this hypothesis. A major external force that may cause anterior dislocation is abducent force, which may affect the femoral shaft orthogonally. Combined forces are not necessarily involved in the mechanism of anterior dislocation.
In terms of management, several researchers have reported that the recommended treatment for traumatic dislocation of the hip is reduction under anaesthesia. 10, 20 In the present case, the dislocation was reduced without anaesthesia during radiography, although we consider the use of anaesthesia may also have been appropriate. There is no consensus on the appropriate nonweightbearing period following reduction, with the recommended non-weightbearing period varying from 4 to 6 weeks 9 to as much as 4 to 6 months. 18 The non-weightbearing period is focused on the prevention of avascular necrosis of the femoral head, 2,18 which largely determines outcome. It is clinically useful to diagnose its development. In adult cases, Poggi et al 23 have reported that avascular necrosis of the femoral head did not occur when MRI findings at 4 to 6 weeks after reduction did not show abnormal signals. Even in cases with abnormal signals, avascular necrosis did not occur if MRI findings after 3 months were normalised or improved. These findings may assist in determining the appropriate weightbearing period (Fig. 6) .
Among the reported cases in Japan, the sequelae of traumatic dislocation of the hip in children noted included avascular necrosis of the femoral head, enlargement of the femoral head, re-dislocation, and dysplastic hip ( Table 5 ). The most commonly reported sequela was enlargement of the femoral head, which caused no apparent clinical problems in these cases. All cases with acetabular involvement exhibited avascular necrosis of the femoral head. We did not find any reports of traumatic coxarthrosis within the literature reviewed.
Prognosis following traumatic dislocation of the hip in children is considered to be better than that in adults, 9 although the reasons for this are unclear. In adults, it is reported that the proportion of dislocation fractures is about 50%. 12 However, Epstein 12 reported fractures in only 6 (14.3%) of 42 cases of traumatic dislocation of the hip in children.
Our review of Japanese case reports showed fractures occurred in less than 5% of the children (n=73). We consider that the rarity of an associated fracture may be one of the reasons why the outcome following traumatic dislocation of the hip in children is often favourable.
